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A} IS’J’RAC’1’

W C report the disc.  ov[:ry of thr inner edge of the IIig}l  vc]ocity  CO outf low

associated with t)lc bipolar jet ori?;ina,  tirlg frOIII l}tS 1 ill }larIlaId  5 aIld the

first  ever resolutioIl  of its cjrc~llnstcllar  disk irl the 2.6111111 clust  corltinuurn  and

C()  isotopes. F’rorrr high spatia] rcsolutior]  obscrvatior]s  II IadC with the oweIls

Valley Nli]]ilnetcr  Array Lvc arc ab]~: to locate l,hc origirl of’ L]JC outflow to withill

350 AU on either side of IRS 1 and a]JpaIcIllly  at tllc cfi~)c of, or possibly

withi Il, its circumstel]ar disk.  ‘l’]-LC  oricIltat,  ic)ll of this disk ill t,hc colitinuum

is exactly  pcrpcrldicular  to the hif,llly collilrlated  jet outf low reccrltly  seen in

o~~i~a]  eIIli SSi OI1 at mlldl fUI t~lCr  (li St LIIICC!S. ‘1’hc 12(;0  irllerfcrorncter  IIlaps

show two c.oIlc-like fcatu Ics oIi/,inatiIlp;  at IIM 1, the blut  oIlc faIilling  opcIl  to

thc Iiorthcast  aIlc] t,hc rcc] OIIC to tile  s o u t h w e s t .  ‘J’hc vertices of the COIICS arc

011 either siclc  of the circ, uIIlstc]]a,r disk and ]l:LVC an O[)CIii  Ii:, a]~~,le of ~ 900.

13(;0  is optically thick ill the illte]fero][lcter  n]ap  and traces the /;as far outsicic

t h e  lltS 1 circulnstcllar  d i sk .  ‘1’iw ICSS abu]lclarlt  C180  allllost  ccltaiIlly  prc)bcs

part of the disk structure and its cxtcndccl  cil culnstcllal  cIIvclopc,  but it too is

o~)tically  thick at the ccl)tcr of th(: disk.  Our 11(;0+ Irlal)  t]accs an cxtcrldccl

clisk of lnatcrial  rotatiilg  c.locl:~vis( around  a. SW N]; axis. ‘J)he correspollding

IICN lnap is associated with tllc  outflo~v  IrIatCI ia] :LII(] allll)ieIlt COI-C, but Ilot t~lc

d i sk .  ‘ll}lcsc  dcrlsc  gas traccls il]dicatc sig]lificant  chc]llica]  difIcrcntiation  in the

circ.ulnstcl]ar reg;ioll  o]) s]nal] scales.

Suhjcct  headings: stars:  prc-l[iaill  scqucnlce - illdividual  (1]5 llM 1);

ISM: jets and outflows
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1. lNTl{Ol)[JC~TION

l]~S ] jS the most ]uInjrLous aIId l’[-)ost  deep]y  t’rn])ccfdcd of L]IC four infrared sources

idelltificd  as low lnass  y o u n g  stellar ol)jccts  (YSOS)  i]) }]aI”l Lal’d 5. (~oldsmith,  Langer, &

Wilson (1 986) dctectcd  high velocity C() o~ltflows associated wit}i  lI~S 1, IItS 2 ancl IRS 3

aI~d suggested that JIM 4, located ill a ca~~i(y, was in a, pf)stoutfiow  stage. l’hcy p roposed

that  these forlncd a sequellce  of YSOS at different  stages of ciolutiol~ with IRS 1 the

youngest al]d IIM 4 the oldest. ‘J’hcy  also suggested that }15 was undergoillg  self-limited

star for]natioll  and that the oIi[goillp,  star folmatliorl  was causill{’,  cllen)ica]  evolution as a

result of fragIIlellt-il)tcrclulllp  rccyclillg,. 2’}]c dells( star folll)illg  illtclior,  as traced by

C180,  ]las a Inass  of ’200  to 500 Mc, (I,aligt:r  et al. 19S9) aIId tlI( COIC surrourldillg  111.S 1 is

estinlated  to have about 50 M,:j, assunlillg  a distance of 350 I)(.

‘1’he structure of the cc)r-c reg,ioli surrourldillg  IRS 1 was i[lvcstigated  in mc)re detail

by l{’ullcr et al. (1 991 ) using highcl  spatial ~esollltit)n  obsclvatiolls.  ‘1’hesc  authors made a

bealrl  sampled I[lap of the hig]l vdocity  outflow trace(i b~’ 12(0 (1 - ) O) using the IRAM

3011-1  antenlla,  with a beamsize of ??”. ‘J’hey  dctcct~d  CO outflow  lllatcrial  out to a velocity

of + 10 km S - ‘ \vith  respect to tllc  rest velocity c)f tlic  arnbicrlt  ~,as~ but could not trace its

oriF)ill  to better  than 20” around 11{,S 1. ‘1’llc  shape of t}le CO outflow  appears in projection

as a Ilarrow  arc with opcnirlg  a]lfilc :~tmllt  30°. ]11 t]le b]uc ]obc they llotc!d  that  the locatiorl

of the apex of the arc corrcspolldcd  closely with that of all ol)tica]  arc SCCIL at the Gulln

i-band by IIeycl  et al. (1990). ‘I’l Ic apex  of the optical arc ]ics rlcar ]}LS 1 and is apparently

a  re f l ec t ion  llcbula  illurnillated  by 11{S I (Nlc)orc & Urnersoll  i 992).  No c o m p a r a b l e  arc

w a s  detcctcd at the C,UIII1 i- baIld  jr] the rd]ob(!  of t~lc out f]o~v. }{ccclltly }Ially, ])evine,

& Altcll  (1996) detected a high vc]ocity  optical jet associated ivitll  tllc  CO outflow in 135

frolll  observations of IIa and SI].  ‘I}lis  fcat~)]e,  whi( h cxtc[lds fl[~rr]  ~ 4’ to 11’ on both sides

centered  on lILS 1, cc)uld not bc traced within several arc.lllillutcs  of IRS 1 because of the



-4-

hig;ll optical cxtillctior,  ill the core, but ljoi]lts back to [ltS 1.

In this l,ctler  we prescllt a IICJV picture c)f the 115 illlicrlllost  core using high spatial

resolution obscrvatiol]s  of CO isotopes, dust corlti]luunl,  alld CII:]ISC gas tracers II CO+ and

IICN I[]ac]c with t}]c OWeIIS Va]lCy }{adio ol)scl\Tat<JryMi  ]lillJc:ter  AIray.  We arc a b l e  t o

trace tile }Iigll velocity CO outflow lotms back to tll(:ir ori~;ills  ~vllic}i lie within 1“ of IRS 1

aIld within  its circuIllstc]]ar  disk. OUI 11(30-1  obser\atioris  trac( t}ie  ciIcunlstcllar  d i sk  and

its surrou  Ildi Ilgs arid  show that,  it, is rotatjllg  about its axis. ‘] ’}1~1 ]lCN eInissio~  does not

trace the disk atld  there appears to bc sigIlificaIlt  c}]cmical difl’clcIltiatioI~  in this region.

2. 01 IS I{: RV}VJ’.[  ONS

‘l’he rcsu]ts prcse)lted  hme a r c  based  01)  obSC!I’ViLtjC)nS  Inadc  bct}vcxx~  April ] !)93 aIld

May 1994 with the Owells  Valley  Millinlctm  Array (OVR()-Mh~A)  which is operated by

tl)e (;aliforllia  ]I]stitute  of  ‘J’CCllIIOIOr,y.  ]’or t}le SI)ri]iE; of 1~94 ot,scrvillg  seasorl  t h e  MMA

w a s  colllprisecl  of 5 alltenllas  w’}li]c t,}Ic cal]icr  otJscJ vations had  4 alltcllnas.  W e  used

S1S reccivcrs  wit}l  a single sidcballd  (SS]])  systelrl  tcrrlperat~llc  typically iIl the range of

2?50 to 400 K. Spectral liIlc observations at 13 CO(I - )0) a]ld (.’18 0(1 -- }0) were  obtained

siI1~lllta,llcc)lls]Y  using  a ]28 c.hallne]  d i g i t a l  correla,t,c)l For’ Cacll liIlc  64 cllaIIIlcls were used,

giviIlg a  s p e c t r a l  rcso]ution  c)f 12{) kllz (0.3j kln s- 1). ‘J’hc 12(; ()(1 - >0) obscrvatiorls  were

takcli  wit]l two dif[crellt s~cC’tra]  I cso]lli,  ion:;, ] 2,5 a,I](] ~00 k]]~, cac}l usiI)g 64 channels .  q’hc

}ICN(]-  }0) aIld IICO+  (1-->()) obscrv~jt,joIls  were t,akt,n usjIl{l  sljtctIa,]  resolutions of 250 and

84 kllz, rcxpcctivc]y.  ‘l’he contin~]ul[] data were acqllir~;d  siII]ll]tttrlcc)Lls]y  with the spectral

lillc obscrvatiorls  u s ing  ] Gllz balld~yicltli. ‘l’he raclio source 3(;s4  was used for gain and

phase ca,libratioll. l)uring  each obsclviIlp,  clay fouI positioIls  iIl }3:) WCIC observed with phase

centers corrcsponciiIlg  LO the locatjo]ls of the four i]lfrared SOUIC<X  ]Il,s 1 to 4. Observations

of Ura,llus and 3C273  were used  for fillx cali Lratiol]s and 3(~273 was used for  passband
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calibratioll.  ‘1’hc raw visibilty  data  WCI:C  calibrated using soft, ~va,l c specific to OV}{O-IUNIA

(Scovillc  ct al. 1993) and t}le ,l-ral,S Ivere n)adc usi,)g All )S. IIcT( JVC will on]v discuss our.

results for IILS 1, as We did  ]lot dct,cct  siglliflcant, clllissiol~ fiolli tile  otl}cr three sources.

3.:1. D u s t  l’;missiorl  C o n t i n u u m  and CO lsoto])c  M a p s

‘J’o  resolve the disk crnissicJ1i  wc ~l;~(l tllc  full I<solutio]i  ~~ossiblc wit]} the visibility

d a t a  b y  usirlg U1lifC)rlll  weig]]til)F,. ](’igulc ]  shows  t}le 2.6 IrJrI] c:oIltilluuln rl)ap lnadc at

2“.9 x 2“.4 resolutioll,  At t}le  ceIItc I is tLJL ellipti(:a]  disk oricrltc(i  soutllcast-nc)rt  hwcst  with

1~’WlliV of 3“.5 x 2“.2 as dctcrlrlillcd flo]n  a 2-]) ga]lssian  fit to t~lc cl[lisssior)  distributioll.

‘1’hc centcI of t}lc  continuun~  eli]issiorl is within 1“ frc)rn tllc lo(atioll  of IltS I (see ‘1’able

1) as dctcrlllincd  by IRAS  (Ilcic}lll]an  et a]. 19s4). Note thclc arc seve ra l  va lues  ill

tllc  ]itcraturc  for the positioll  of l]tS 1, dificrirlg  by as In~Ic}I a> 2“-4”, but wit}lin their

r e s p e c t i v e  n)casurclrlcl}t  erro[s - scc ‘i’ab]c ] If the circllrllstc]lal  disk is ccntcrcd  on the

YSO  then the ~)osition of IRS  1, as dct[!llnil,cd  frorll our colltilluulll  observations, should bc

}iA(1950)=  (13~44’’L32’.0(l  alld ])] I;(~(I  $)~0):.3~Pz12’~jO’’.O, c]oscst  t,t, t})c 11{.4S xncasur-cment  o f

l~eicllmarl  et al. (1 984).

‘J’here is SOIIIC iIlclicatioll  of a. ~vcak cxt,ellded  eIIvciopc  SUI lc)ulldill~;  the disk in the

continuuln  lllap. ‘J1lIC orientatioll  of this disk in the colltinuuT1l  is cxac,tly  perpendicular to

the large scale (;0 outflow (l(TU]]Cr et a(. ) a]ld the ]Iig}l]y co]lil[latcd  jet outf low recently

SCCI1 ill optic,al  clnissioll  (]]a]]y  ct al .  )  at Inuc}l fllrt}lcr  disl,all~cs, W C also clctectcd  weak

Colltinuuln  cnlission  at 3 . 4  n~m, - 3.3 ul:ly  (bcaln)- 1 at the 11{S 1 position, however it

has a low signal to noise  ratio of ~.’ 3. ‘1’he 3.4 Inm f:olltinuulrl  data,  had only 500 IWIIZ of

continuuln  bandwid th  (cornparcd  to J (J}lz at 2.6 rnln) arid a ]ower angu]ar resolution of w
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6“, ancl wc clo not have tllc scrlsitivity  for cc)nlparison  with the 2.6 Itl]ll map

‘J’lle  illterfcron)ct.er lnaps of Cls O and 13C()  are showrl ill l“if,ulc 1 at 5“ x 4“ resolution.

‘J’hc  C180  cnlission  appears to trace the CICJISC  circulnstcllar  disk SCCI1 ill the cont inuum

mnissio]l,  as well as the surrou Ildi I]g gas. ‘J’hc  str~lct:lrc  and oricl]tatic)rl  of the inner rc:ioIl  of

the C180  Inap  rescrnb]cs  that of the co]lti]luuIrl  Inal). ’110 dctcrrnillc  tile  physical properties

wc IIavc fitted  the ccl]tra]  c]njssio]] ill each  []lap wi(l] a 2-1) (;aussia  I1. ‘l’able 1 summarizes

the positioIl,  size, and positiol]  a]l~lc o,! t}le IIlajor  axis of t}Ic disk crIlissioIl  in the continuum

ancl CO isotope Inaps. ‘1’lle large]  bcanl size ill the C()  lrla~Js a Jld colltalniIlatioll  f r o m  tile

surrounding core (and perhaps Ollt,flo!v) arc ~)robab]y rcspollsit)l~  fol some of the differences

Lctweell  thclll. Note that  irl t]lc i)lt crfel ornctcr nla~,s the lar,gc]  scale crnission  from the 115

core (I, allgcr  et a]. 1989) is resolved out  a[ld orl]y i lle small  s(alc clrlissioll from the disk

and its surrourlding  are sczII. ‘1’he (;180  emissioIl  is quite  cloI]:,atcd  (it covers 10“) and can

bc seell to extend m u c h  further  tlIa II the cor~tirluulll  crnission. ‘1’his extended component

Illay re])resellt  t]le  surrounding  COTC lnatcria 1  frolll !vhich 11{S 1 aIosc.  ‘J’he  13C0  ernissioll

map shows less clearly the circuxrlstcl]a,l disk collll)(]nent,  alld c~tcllds over a slightly larger

region  (see g’able 1 ) tl~aIl  that of tile  (~]b O cxtcIIde~l Cnlissiorl.  ‘I}lis  isotope has a greater

o~)acity  t}lall C 180 arid so it is l~ot, surprisirlx  that it clocs llot, ]IIobe tl~c gas p roper t i e s  in

t]lc dcc~)ly buried  disk or evcrl ill t,]l( (]cllsc core. ]“llltllcllr}ol(,  Ll]c *3C() map could contain

solllc of the eIIlissioll  frol]l  t}lc Out,floiv Illatcrial.

‘1’lIc  12C0  illtcrfcron]et~~r  c]tlissiou  is p]escntcd  in l’iF, urc ~? as spatial maps at three

v e l o c i t y  i]ltcrvals correspolldil)q  t,o t}l( b]ue shift,  ed, alllbicllt, ~.lll(]  Icd shif ted gas.  ‘1’he.

nlaj~r  ,axis of t}le disk is allIlost  cxact]y  perpcl]dicu]ar  to t]lc jet outflo~v direction. It can

bC SCCI1 that the 12C() ambicxlt.  elrlissioll  (F’ig. ?b) peaks  ve ry  close to that  of the dust



ccrlltinuuln  bLlt is SOIJICW}lat  more extcrldecl  along  tllc  directioIl  ])cIJ)cIldicular  to  the Inajor

axis of t}lc disk. ~’hcrcfore  it apl)cal.s  to bc tracin~ t})c out fiolv seen at veloc.itics  C1 O S C  t o

tllc  rest velocity. Of course OI]C dews l]ot expect to see the lJ(;O erllission froln  the disk and

its surrouncfillgs  as it is very opaque,

‘J’llc  12C0  illtcrferolnct,cr IIIa,])s  s]low tlvo c o n e - l i k e  fcatu]cs  origil]atillg  at IRS 1, the

b l u e  W i n g  o n c  fal\llillE;  open to the Ilortllcast  (l{’ig.2a’) and t]{< Ted wing one opcli  to the

southwest (h’ig. 2c),  both with opc I]i II/$ ~II{\]es ~ 90°. Ii, is also ~cry strikillg to scc in these

lIla~Js that the vcrticcs  of the cones, the apex of th( o~ltflo~vs~ arc ]ocat, cd on either sicle of

t}lc  dLISt colltilluuln  showing t]~e oligir)atioll  of t~lc f)ow’s  at the to~) and  bottom CdgCS of the

disk, within 1“ (350 AU) of 11{S 1, assLllIlillg  a clistancc  of 350 I)C. “]’hus it would appear

that,  wc have traced t}~c orig,il) of t}lc C()  outflows biick to tllc  C(l:,c  of the circLllnstcllar  disk

arid pcr}laps  withill the disk.

3.3. I] CC)+-  anti IICN

‘1’hc I] CO+ emission in the core of }15 is stroll~, cnoug]l  to resolve the central structure

as a fullction  of velocity. 11’ie;ule  ;3 SIIOIYVS t])c irltcrf(rolnctcl  r[ia~)s of }15 in three velocity

chal]l)c]s.  ‘J’hc emission  lnap is C(!ll[, (!l’cd or] t,hc ~)cak in  the dusl c~llissiorl  ( t o  withill t~lc

rcso]utioll  limits of tl]is map, w]lic]l is [alg;cr tllall  that  of t]ic (:[)J]ti II ULll Il cInission).  II CO+

appears to trace the circLlrnstellal  disk but also ])as a la,rgcl  , IJIOIC cxtmlcled  component (see

‘1’able 1 ). ‘]’here is an apparent velocity st~ift  in t}lcsc  maps i]ldicative  of clockwise rotation

about  all axis throLlg~l  the disk aIld ])a,ra]]c]  to the c]ut,f]ow  axis colres~)olldillg  to a gradient

of 0.5 kIn S- 1 over 2000 to 3000 AIJ.

‘J’llc  }ICN clnission,  ill contlast to tl~c I] CO-l ~lniSSiO1l, is r]ot c.clltercd  or) IIW 1 and

the circulnstcllar  disk. III Figure 4 wc plcsellt  spatial nlal)s  of ]] (]AT made with diflercnt

hypcrfinc  COI1lpO1lCIltS: 1) 13’-2-)  1, tltc l[)aill  hypcrfine  lillc; and, 2) the SUII1  of the weaker
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colnponents  1~’=-.O–-)l and 1- }1. “J’IIC 11(;0+ lnap illt cgrated  ov{’r  all velocities is shown for

colrlparisor]. F’ullcr  et al. dctcrl~)irled  flol)l  a two co)nponcllt  g,as layer lnodel  that  the main

component in }ICN was optically thick. ‘J’hrrs by looking  at tllc ]naps  lnacfe  in tile different

hyperfh~e  colnpollcnts  we can sce whether opacity e(le( ts Irlig}lt  bc affecting the position of

the spatial distributiorl  of tl]e crllissiol. l’he  IICN cmissioll  ill both maps is displaced to

t})e cast of I}t.S 1, wl)ich  sits ncal tlic e[l~;e of the distribution), aIlcl is distinctly different

froln  the distributioll  seen irl ll(; ()-+ . g’}tc  silnilaritJ  in bot]l ll(.lN lrlaIJs argues thell that

this displacement is real and l~c)t  all ar;ifact of o]~acity.  ‘1’his  Sllal)e of tile  IICN emission is

sinlilar  to that  observed by ](’u]lcl  ct a]. but here !,Ilc  Inucl) ]Iig]]cl resolutioll  of our m a p s

dclllol~stra,tcs  ul~arnbiguously  t]lat I](; K }las little to do with 1}{S  1 or the circurnstellar disk.

4. l) IS(; lJSSION

‘J’hc observatioI!s  prcselltccl  }IC]C ]>1 ovide  stlikillg  evidcncc  f o r  t h e  s t r u c t u r a l

relatiolls}lips  of the 11{.S1 source, circulnste]lar  disk,  optical jet, aIIcl fol the origin of the

high velocity C() outflow (F’igure 5 is a sche]llatic  of these colr)I)or)ents.  ~’he vertices of the

red aIId blue shifted outflow lobes are scparateci by 4 “.5, l’llcy  aI t oricllted at a 73° position

angle which is C1OSC to that of tile  olJtical  jet (}lall!’ et al. ) all(l  Iota,tion  axis (il)fcrred

froll] our I] CO+ data).  111 l~igure lt) the clllissioll  f’[ou] t h e 12(;0  outflc)w gas at the rest

velocity, peaks betwcerl the vertices of t})c red  allc{ I)luc lobes. l’urthcrrnore,  its centroid

i s  s]ight]y  shiftcc] towarc]s  the led V(!I’t(X.  ~~t, the rfst ve]ocit,y  t}lc  c]nission  f r o m  b o t h

vertices will be close  together and is seen as a sin~; lc extended  c(lr!l~)ollcllt  due to smoothing

by the bcaln. ‘J1hcrcforc,  the location  of th~ lest velocity cI1]issior]  is consistent with the

o u t f l o w  origiIlating  at the vcrticcs  SIIOWII iIl IJigures  2a&c  and f’igurc  5. We c o n c l u d e

unambiguously that tllc  bipc)]ar  outf]ow  (and by in fcrcr~ce the optical jet) origirlatcx wit, hirl

350 ‘All (l”) from the star. ‘J’hc c)pcrlirlqs  of the c)utllow COIICS co]lti]luc  out to at least 25”



(9000 AU), which is tl]c edge  of t}~c ficlcl  ma],pcd b~ OVIto-\I\JA. At the edge of this field

the widi,l) of the emission cone is 40” ([j ,000” AU). l;eyond  this [ IJC clnission  is traced in the

large scale C() outflow rllaps (Gcjldslllitl]  et al. and 1+’ullcr et, al.),

‘1’o estimate the mass of the disk wc use the (’180  and  col)tilluul]l  emission.  Each

IIas its OWI] intrinsic unccrtaint,ics  due  to assulll~Jtiorls abo~]t  alJuTIdaI]ce,  temperature,  and

ir[ tl)c case of C(), opacity.  2’}lc ratio of t}ic bri~,}~tflcss  of l:~(;() to C]80 emission irl the

cxr)tra]  disk rcg; ion is <W ] .] , a,r)d t]lf: ‘3C0 clnission  is defi]litcl~  ()~)tically  thick.  I’;ven C180

p r o b a b l y  }las a T > 1 i]) the disk,  w}]ic}l  is c,oIlsistellt  \vitll  tllc largcI  cxtcIlt  of the disk in

C ]*O colnpamci  to the coIltinuun)  (’J’able 1). 1’lIc peak brightl)css  temperatures are 3.3 K

13C() As the d~nsities  are IIigh  cILoug}I to thermalize the gas andfor Cl*()  aIlci  2.9 K for .

T > 1 we have assLll[”lc!d  a gas killet,ic  tcl[)~)e:aturc 1 (1 K. 11’01  all o~)tical  depth of 1 for Cl*O,

we cstilllatc  the lnass  of the disk t(] be ().()/)  arid (). 10 Ivlc) c)ut. to 3“ and 6“, res])cctively,

usillg  the equation in Chandlm et al. (1 994).

I’rcjlrl  tllc  2.6 Intn contillulll~l flux wc estimate tile  mass of (lie dust in the circumstellar

clisk (SCC Chand le r  e t  a l .  1995) to be A, 0.10 and 0.17 A4U ollt to 3“ and 6“ radius,

res~)cc.  tivcly.  WC h a v e  assulrred  optic  all}’ t}lir]  Cnlissic]nj a dust tInpcrature  of 30 K

(l;eicll,~~a~~  et al.), and (?= I [1’}Ic  CIOSC ag;ltcme,,t  c,f the disk r[}ass  derived from the dust

ernissio]l and  th~! F;as ~!r]”lission  Illay ~)C’ ~oi Il(ideIJ~,  a] ~oIlsidcI  il)~, t]l C! ull~c]’tainties.  ~]owevcr,

ta.kml  at face  va]uc,  ii, suggests  that  t]]c co]]tiriuull]  ancl  C18 O lil]c emission tram roughly

the  sar[lc lnatcrial  alld  that C]8(j  is ]Ic,t sig,llificantl,v  cleplctrcl.

Compar ing  the  distributic)l)  of II(IN aI}d }-ICO-l  (l~igums  3 slid 4) we see that they

haVC very dificrcnt-  distributions, wllmeas the II CO”l is better c.c)rmlatcd  with ‘3C0 a n d

C’80. ‘l’he cc)rrclation of 11(;0+ is to ‘be exJ~ec,tecl  ~,iv(:]l  t}lat 11(;01 is produced from CO

irl tllc g;as  phase ion-l  rlolcculc  chcl]listry. l’urtllcrlJ]orc,  tl)e cc)llcl  ation  in the clistributioll

also’inclicatcs  that the density is I athm Ili{\ll  il) t}lc  re[;ion  of C’ao emission because lICO+



- lo-

J’Cq Uil’Cs hip; h c~crlsitics for co]]isioJla] Cxcitatioll. ~’llc lack of 11 (“?NT  crnission  around and

within the disk is probably due t,o clcplctio  Il of I](; N Oljto g,rai]ls,  which is likely  to be

VCry cfficicllt  at such high dcllsities  if t}le ~,rains  al(, not too ~va]nl  (Ilcrg;irl  et al .  1995).

‘1’hesc  results  for  HCN appear to k)c s: nlila I to what has  bccl] SCCII irl CS ir) d i sks  and

the i r  su r round ing ;  COICS  (}.l]akc, varl l)is}loc<:k  &Sal  P,cnt ] 992) aJid ill CCS ill the collapsillg

CIIVC]OpC  a r o u n d  t h e  YSO  and disk ill }1335 (Velusalny,  Kui])c[ &. l,angcr  1995).  II CNT, (3S,

and CCS IIavc ]argc dipole lllolrlcrlts.  a]ld are Inucli Jllorc likely  10 stick or] grai]ls  than CO.

111 sulnllla,ry,  our observa,tiolls  s}Iow that the red aIlcl  b]uc  s}liftcd C() outflow originates

on either side of the circulllstcllal  disk cc[ltcrcd  or] IltS 1 alld ~vitllirl  350 AU of the central

star. ‘1’hc opellir)g  angle at the disk edge is <= 900 and exte])ds  out to 10’1 AIJ. At larger

distances the IIell J,abs arid lIt,\M (Iata sholv that t}lc flow :lal lows to N 30° bctwccn  (3-6)

x 10’1 ALJ. ‘1’he large c)palirlg  IICaI t}lc  SOUJCC  arid narrowil)g of t}le C()  ou t f low a t  large

distances  is C.orlsisterlt  wit, h II IOd C]S Of a IIig; h velocity jet gellcratirlg a turbulent lllixing  layer

which exI)arlds  outwards and  call be trzccd by (;0 (sec.  Biro & Ita/;a 1994 and references

therci]l).  ‘J’hc size of the opmiirlg  aItgle near t}lc  disk is corlsisterlt  ~vit}l the models  of Cabrit

& Ih3tout  (1 986)  of a cone of cxpalldil)$,  lnaterial  elnelgi]lp,  at, all iljcliIlatioIl  allgle  to the!

IiIIc of sight  between 30° and 600 (cf. Ijeibig et al. 1 !)96).

[1’},Ic  OVltO obscrvatio])s  \VOU]d IIOL }Iavc t)cc:ll  ]~ossib]c Wit,  }lollt  the }Iclp ancl a d v i c e

o f  tllc  (;altec)} and OVIL()  staf[, csl)cc.ially (;. ]]]akc,  C. Cl(alld]cl  , A. Sarg;ent,  N.  Scoville,

and M, Yu]I. \Ve would ]ikc to t}]al]k  Jo}In }]al]y fol providillF, ~)lelinlillary  results of the

dctcctioll  of all optical jet in }15. ‘J’}]c OWCJIS  Valley Radio OIJSCI vat,ory Millimeter Array

is supported by NS1’ grant AS’J’ 93  140’/9, t}le K. T. and II;. 1. Nor’r’is l{’oulldation,  a,nd

the J}’], l)irectol’s  ltesearch 1 )iscrctioJ(al  y }’und. ‘J his work was pcrfor’mcd  at the Jet

l)ro~)ulsiorl  ],aboratory,  Califor-lli:~  ]Tlstit,utc  of ‘J’ethnology, u[lcic] (-olltract  with t}lc National

Acrdnaut,ics  a)ld Space Administration.



11

}Ially, J., l)cvil~c,  l)., & Altcrl,  V. 1996, sublnittcd  10 ,4pJ lcticrs

IIeich?na]l,  C. A., CL al. 1984, ApJ, ;?78, 1,45

]Iiro, S. & ILaga, A. C. 1994, ApJ, 434, 221

IIlake, G. A., van l)ishoeck,  F;. 1. & Sargc~lt,, A. ]9°2,  ApJ, 39 I , 1,99

Cabrit,  S. & IIertout,  C. 19/36, ApJ, 30’1’.313

Chandler, C. J. & Sargent, A. I. 1993, ApJ, 414, 1,29

Chalidlcr,  C. 1., KoerIIm-,  1). W., Sa]:;mlt,  A,, I., & Wood, 1). (), S. 1995, ApJ, 449, 1,139

l’cibig,  l)., l)usch],  W. J., Nlentcll,  k. NJ, & ‘[ ’sc}lar]lutcr,  M, II. 1996, in press

F’uller,  (~. A., Myers, P. C., WCICIJ,  W. J., (;oldsrnit}l,  P. }~., l:lilgcI,  W. 1)., Calnpbell,  }1

G., Guillc)tcau, S., & Wilsoll, R \V. 1991, AI~J, 376, 13.5

Goldslnith,  1’. }~., l,anger,  W’. 1). L7 Wi l son,  IL. W .  1 9 8 6 ,  Ap,J, 3 0 3 1 , 1 1

ljaIJfy!I,  w. l)., Wilsol~.  R. W., (;ol(lslrlit,h,  1’. 1’., & IIcich]l]arl,  (.’, A .  1989, ApJ, 337,, 355

Moore, ‘J’. J. ‘l’. & l;lncrson,  J. 1’. 1992, MNl~AS,  2iJ9,  381

Scovillc,  N. Z., Car]strorn, J.lC., (;]lalldlcl,  C. J., l]hillips,  J. A., Scott, S.1,., ‘1’ilanus,  It.] ’. J.,

& V$Tallg,  Z. 1993, I’AS}’, 105, 1482

Vclusarlly, ‘1’., Kuiper, ‘1’. ]1. H.> &. ]allp;~l’,  W .  1). 1:195, A])J,  4~)1 1)”(5

‘1’his manuscript was prepared with t}le AAS 14rJ~,I> macros v3. O.



c

d

e

f.

‘at)l(! 1: _Gall

‘J’rallsition

2.6 TIl?n

Wo(l-oy

13(;0( 1-0)’

IICO+ (1-oy

2 /Lm’

25/ml~

.al~. ]+ ’it to_ll~S] ])isk all(]  (

Positiorla

RA(1950)

03h,j,j~JL

3 2S.00 4.0.03

3 1s.92 40.02

3 1s.94 :}0.03

37.02 j o+04

31s.80

31s.90

I) C((l W())

323!2’

30”.0 :1, (),2

31’’. ”( :}:().2

29’’.:) :1,().3

3J”.5  :}().3

32//,0

32! ’’. (I

Major axis

( “ )

3.5 :10.4

10.1 40.4

12.:/ :! 0,:,

17.{) :11.0

.-

Si7,e

hlirio~  axis l’ositioll  ijllgle

(“) ( 0)

q,:) :J ().4 1 4 6 3 2 0

3.() :10,3 151 3 4

?.s :10.3 ~~ij

l?.!)  :1 ().6 5 :1 148

a. IJistzcl  errors are derived frolll tllc  gaussiark fit

b .  l’ossit)ly  ~OIlfUSd t)y an Cxtclld(![; CIIVdO[)~

]’ossibly  confused by arl cxtc~lded  ellvclopc  alld  t }lc outf]ow

l’ossib]y  col)fused  by an extended envelope and the core  crllissio[l

l’ullcr  et al. 199]

Ilciclllllarl  et al. 1984





g
c1
.

43’00”

50”

w

32°-z+2’$g”

‘zCO(l–O)  4.9 t o  1 0 . 1  km S-’ 10.1  to 11.4 km S-l 1 1 . 4  to 16.6 km s - ’

iI
e. /- \



43’00”

5 0 ”

Hco-i ( 1-- o), ..- . ––.- ~—______ - , _ _  .__7___ . .._.r... ~ ,
1 q.~’~, km s->-> (; ‘

I /

o

‘“- ‘-”” ““--if  ‘“7” -  ‘ - - t  ‘ i-  ‘~+- ‘--
I 0.!.12 I&-; S-<l ‘-t

“\ /---

t
{LJ)

“’ ‘“-’““ r “ “- ‘“7-” ‘--t”-  r-~ ,-~ +7 -2, j
1~):80, kr~ <--+ .-,

\, \ /’

o

/’ ‘.
\ . .
\:

+ --.---.:<

/
,/.> v

/-\
I
\

\

\
.-

1

1

f’ “\
I
\

.
(’ ~–-’:. \. , JT-:T+J
(-L1

“/
‘/ \_/---

1, /G’
u)
0) 40” -- /- ‘\1

u@ ~

1.:. L ‘ \ ,,/
c: o

. <~ 30” - - i.;
-ii
c.:.-..
v 20” -- v

Ca{ ,/> f?) ‘“”:;’:;:

1 o“ - 0

‘F
2’0 (-./ {.< - \

32*42’oo” --
\L .,. .1. L.-<* .,.  _l__l.-.L  J. 1 I._., ., J., JJ.,L

03h44m’35” 34” 33s 32s :31s 30s

I<ight Ascension (1 950)



43’00”

50”

6’
10
m 40”

c:
0--- 30”

‘c;
c:.-.

-c) 20”
c!<

1 o“ ‘
J

32*42’Oo” L

~.... . . .
/ ~ I —-:-–--’-- -—/—l- r I
y@’(Q-”” .-/ I/

7&5-
\

)
..–. * d
g-.—

) //
/ -.

./ Ify@ ‘ .

0(@ilif#$ /-/ ; I

1’
‘,y;~g: ;,

[r”l Yo ,---- “~<’----- \- ) ‘1,
.

““” --t “- ‘:-:”+”  ‘---- ‘- +.. -= -- t-.. -~---J-
++1(1--O)-,F:+ --> 1
\ \/. /’

f
\
/.-

.
\ ‘“ ,l__...

J

p

, _:: —....

o)/- (- -: (7
o -’/ -- _

>
--/..
q ] ‘.

‘c,
\

\

/:’27 ..”:’ ---‘7-- \m /“

5 .
. I
/’._ / ‘\

o \---. ..= -. / ~“

03h44m35’ 34= 33s
32 s ~lg 30s

Right Ascxmsion (1 950)

l’ig. 4



.

..

/

\
\

i

..-

“)L.

1 ()()0  P!LJ r—_-.-—. — h - ~.% Optical  Jet

\

\

l;igurc  5


